Identification of major nucleolar proteins as candidate mitotic substrates of cdc2 kinase.
Following the identification of the cdc2 kinase as a major element controlling entry of cells into mitosis, it is important to define the physiological target range of this enzyme. Here, we demonstrate that two major nucleolar proteins, nucleolin and NO38, are highly phosphorylated during mitosis. Importantly, the two nucleolar proteins are also phosphorylated by highly purified starfish cdc2 kinase in vitro, on sites that correspond to those observed specifically during mitosis in vivo. A repeated motif (TPXKK) is identified as the likely mitotic phosphoacceptor site in nucleolin, in that a synthetic peptide mimicking this site functions as both a substrate and a competitive inhibitor of cdc2 kinase. These results identify two novel candidate substrates for cdc2 kinase, and they implicate protein phosphorylation in controlling mitotic changes in nucleolar structure and activity.